Abstract A cross-sectional study was conducted from November 2010 to May 2011 to estimate the prevalence of camel hydatidosis, associated risk factors and financial loss in Jijiga municipal abattoir, Somali Regional State, Eastern Ethiopia. Accordingly, of the total 400 inspected camel, 92 (23 %) camels and 109 organs were positive for hydatid cyst with the highest proportion recorded in lung (56 %) followed by liver (33.9 %), spleen (7.3 %) and kidneys (2.8 %). The prevalence of hydatidosis significantly varied among age categories (P \ 0.05), sex (P \ 0.05) and body condition score (P \ 0.05) of camels. Hence, there is higher likelihood for occurrence of camel hydatidosis among the older age groups (OR 1.8, 95 % CI 1.2, 3.3), in female camels (OR 2.8, 95 % CI 1.7, 4.7) and in poor body conditioned camels (OR 4.1, 95 % CI 2.2, 7.9) than younger camels, males and camels with good body condition score, respectively. Of the total 288 examined cysts for fertility and viability, 59.7 % (172/288) were fertile while the rest 24.0 % (69/288) cysts were sterile. Of the 172 fertile cysts 69.8 % (n = 120) were viable and 30.2 % (n = 52) were non-viable. The rest 16.3 % (47/288) cysts were found dead.
Introduction
One humped camel (Camelus dromedaries) is the most important animal that adapted in marginal areas, and also able to survive and produce under harsh environmental conditions (Knoess 1977; Abbas and Tilley 1990; Schwartz 1992) . In Ethiopia, as in most dry lands of Africa and Asia, camels are the principal sources of income, food, providing draught power and determining the wealth and social status of millions of pastoralists (Getahun and Belay 2002) .
Despite the fact that Ethiopia possesses 2.3 million heads (MOI (Ministry of Information) 2005) of camels, little is known about camel husbandry practices or the productive and reproductive performance (Getahun and Belay 2002) . Their natural desert habitat subjects them to severe stress conditions which makes them susceptible to many diseases and ailments (Abbas et al. 1993; Agab 1993) . Parasitic diseases either lower their working efficiency or even may result in death in camels. Hydatidosis is a disease that is not readily apparent to the farmers but of considerable economic and public health importance occurring in many countries (Ansari-Lari 2005; Taylor et al. 2007 ) and appearing to be endemic in camels in the whole of eastern Africa (Schwartz and Dioli 1992) .
There are very few information (Woldemeskel et al. 2001; Samuel 2007; Salih et al. 2011; Gizachew et al. 2013 ) available on the prevalence and financial importance of camel hydatidosis in Ethiopia. Therefore, this study was designed to estimate the prevalence of hydatidosis, to assess the associated risk factors and to see the implication of financial loss due to the condemnation of affected organs at Jijiga municipal abattoir, Eastern Ethiopia.
Materials and methods

Study area and animals
The study was conducted at abattoir located in Jijiga town which is situated between 80°44 0 N and 11°00 0 N longitude and between 40°22 0 E and 44°00 0 E latitude, at an altitude ranging between 1,760 and 2,300 meter above sea level. The study animals were one humped camels (C. dromedaries). The sources of the animals were Jigjiga, Babilie, Kabribiyah and Awbarre districts of Jigjiga zone, Somali region. Most part of these districts is characterized by pastoralism and agro-pastoralism, and with high camel breeding potential. The people in the districts used camels for packing, transportation, ploughing and traction purposes. Camels also used as source of cash income, milk and meat (Mehari et al. 2007 ).
Sample size determination and sampling procedure It was mentioned that it is reasonable to assume that a systematic sample is as representative as a simple random sample. Hence, the sample size was calculated using the formula given for simple random sampling (Thrusfield 2005) with 50 % expected prevalence, 95 % confidence interval and 5 % desired absolute precision. Accordingly, the sample size was determined to be 384. However, 400 animals were included in this study with the intention of maximizing the sample size to increase precision. The sampling procedure was carried out using systematic random sampling (Pfeiffer 2002; Thrusfield 2005) in such a way that sampling units were selected at equal intervals with the first animal being selected randomly. The estimate of the total number of animals slaughtered during the preceding year (year 2009) was 1,800, which were obtained from the record. The number of slaughtered animal during the 5 months of the year 2010 was calculated to be 750 as our current study period was also 5 months. Subsequently, the sampling interval was computed as the total number of animals slaughtered during the study period divided by the required sample size. Therefore, the sampling interval was 2 (750/400). Then the first animal was chosen randomly from the first two animals after which every two camel was included in the sample during the slaughter operation.
Study type and methodology
During the cross-sectional active abattoir survey, both ante mortem and post mortem inspections were carried out in accordance with the procedures of Ethiopian Ministry of Agriculture Meat Inspection Regulation 1972. In the ante mortem inspection, pre-slaughter examinations of camels were conducted and information concerning age, body condition score and sex of each study animals were properly recorded. The age grouping was done based on dentition as described by Schwartz and Dioli (1992) and Khan et al. (2003) . The age of the animals was recorded on the basis of the dentition and was conventionally grouped into three age groups as young 3 to 5, 6 to 8 and [9 years.
The body condition scoring was carried out based on the guideline given by Faye et al. (2001) for C. dromedarius. This was by looking at the back (ischial tuberosity, sacrotuberal ligament, anogenital region, spinous apophyses) and flank (coxal tuberosity, hollow of the flank, transverse apophyses, ribs and hump). In line with this, the scores were classified into six starting from 0 (very thin) to 5 (very conditioned). For convenience, these categories were summarized into three classes as poor (0 and 1), medium (2 and 3) and good (4 and 5). Since this work was carried in the abattoir, less number of animals was found lean whereas others were with medium and good body condition score.
Additionally, general behaviour of the animals, nutritional status, cleanliness and sign of diseases and any pathology were registered according to the standard ante mortem inspection procedures (Gracey et al. 1999 ) and animals that were fit for human consumption were allowed for slaughter. All the 400 camels that were examined by ante mortem inspection were also thoroughly examined during post mortem inspection. Thorough post mortem examination was done by inspection, palpation and incision of visceral organs: liver, lung, heart, kidney and spleen (FAO 1994; Gracey et al. 1999) . Cysts encountered at post mortem examination were grossly examined for calcification, and non calcified cysts were randomly selected and taken to the laboratory for fertility test.
Examination of cysts fertility and viability of protoscolices
After collection of samples from each cysts positive organ, the cyst wall was penetrated with needle and opened with scalpel blade and the contents were transferred into test tube. Based on the presence and the absence of brood capsule containing protoscolices in hydatid fluid, cysts were identified and classified as fertile and infertile. The infertile cysts were also further classified as sterile (fluid filled cysts without any protoscolices) and calcified as per the procedure given by (McPherson 1985) . To determine viability of protoscolices a drop of the sediment consisting of the protoscolices was placed on a microscopic glass slide and 22 9 22 mm cover slip was applied and observed for amoeboid peristaltic movement (flame cell activity) with the objective of 940 (Smyth and Barrett 1980) . When it is doubtful or confusing to observe such movements, a drop of 0.1 % aqueous eosin solution was added to equal volume of protoscolices to completely or partially exclude the dye while the dead one take it up (Smyth and Barrett 1980; McPherson 1985) .
Estimation of direct financial loss
An attempt was made to assess the direct financial loss due to hydatidosis by considering the average number of hydatid positive camels slaughtered per annum at Jigjiga municipal abattoir and the degree of organ condemnation using the following formula:
where, N ps is the total number of positive animal slaughtered per annum, I lu is the prevalence of the lung hydatidosis, I li is the prevalence of liver hydatidosis, I ki is the prevalence of kidney hydatidosis, I sp is the prevalence of spleen hydatidosis, C lu is the cots of lung, C li is the cost of liver, C ki is the cost of kidney and C sp is the cost spleen.
Data analysis
Data were entered into the excel sheet and descriptive analysis was performed to calculate different proportions.
Logistic regression analysis was employed to analyze the existence of association between the different risk factors and hydatidosis. Odds ratio was also use to see the direction and degree of association. All the analyses were carried out using STATA version 11software.
Results
Prevalence and analysis of the risk factors
Of the total 400 camels examined during slaughter 92 (23 %) were found to be positive for hydatid cysts. The occurrence of hydatidosis significantly varied among age (P \ 0.05) group, sex (P \ 0.05) and body condition score (P \ 0.05) of camels. Hence, there is higher likelihood of occurrence of camel hydatidosis among the older age groups (OR 1.8, 95 % CI 1.2, 3.3), in female camels (OR 2.8, 95 % CI 1.7, 4.7) and in poor body conditioned camels (OR 4.1, 95 % CI 2.2, 7.9) than younger camels, males and camels with good body condition score, respectively (Table 1) .
Organ level distribution of the cyst
Of the examined organs, 109 were found positive for hydatid cyst with the highest relative percentage recorded in lung (56 %) followed by liver (33.9 %), spleen (7.3 %) and kidneys (2.8 %). Out of the total 288 hydatid cyst encountered in the inspected organs, the relative percentage of cysts in the lung, liver, spleen and kidney accounted for 63.19 % (182/288), 32.64 % (94/288), 3.13 % (9/288), and 1.04 % (3/288), respectively (Table 2) .
Cyst fertility and viability
Of the total 288 observed and examined cysts for fertility and viability, 59.7 % (172/288) were fertile while the rest (Table 3) .
Financial loss
The direct financial loss has been calculated on the basis of wholesome and intact visceral organs i.e. lung, liver, spleen and kidney. Based on the previous formula (Given above under materials and methods), annual financial loss was calculated as:
where 92,5, 110, 20 and 2, were number of positive study camels slaughtered, price of lung, liver, kidney and spleen during the study period, respectively. Then the annual loss can be calculated as, Annual Loss = (336 9 0.58 9 5) ? (336 9 0.30 9 110) ? (336 9 0.033 9 20) ? (336 9 0.087 9 2) = 12, 147.75 Ethiopian birr (714.57 USD), where, 336 is number of positive camels slaughtered in study year. If this value could be extrapolated to the infected camel population of the region, financial loss due to hydatidosis could be enormous.
Discussion
In the present study, the prevalence of the hydatid disease in the study area was 23 %, which is in a general agreement with reports of Woldemeskel et al. (2001) and Salih et al. (2011) . Such similarities in the prevalence of hydatidosis in the different locations of the country might be related to similarities in livestock health practices and associated risk factors among the communities of the study areas. Relatively higher prevalence of camel hydatidosis were reported from Ethiopia (Gizachew et al. 2013) , and elsewhere in the world (Abdul-Salam and Farah 1988; Ibrahim and Craig 1998; Ahmadi 2005; Mohamed 2010 ). The present study showed that lung was more frequently infected (57.6 %) than the liver (30.4 %). This finding is in agreement with the reports from Ethiopia (Woldemeskel et al. 2001; Salih et al. 2011; Gizachew et al. 2013 ) and other parts of the world (Anwar and Khan 1998; Ibrahim and Craig 1998; Sharrif et al. 1998; Ahmadi 2005) . The higher frequency of infection in lung and liver might be due to the fact that lungs and livers posses the first great capillaries site encountered by the migrating echinococcus oncosphere, hexacanth embryo, which adopt the portal vein route and primarily hepatic and pulmonary filtering system sequentially before any other organ involved. Furthermore, the lungs might be predominantly infected with hydatid cyst than any other organ probably due to the presence of large capillary beds in the lung than any other organs.
In this study, an attempt was made to assess the relationship between body condition score and cyst infection. The result indicated that there was a significant difference (P \ 0.05) in rate of infection among different the body condition scores. Animals having poor body condition were found to have high cyst infection. According to Polydorou (1981) in moderate to severe infections, the parasite may cause retarded performance and growth, reduced quality and yield of meat and milk. Hence this could partially explain why animals with poor body condition in the current study were associated with the higher prevalence of the infection. The prevalence of hydatidosis was found to be significantly higher in female camel than the male (OR 2.8, P \ 0.05). This finding is in line with the reports of Salih et al. (2011) and Gizachew et al. (2013) from Ethiopia, and Abdul- Salam and Farah (1988) from Kuwait. This might be related to the practices keeping female camel around the homesteads at the backyard for milk production purpose. Hence, they were exposed to the contaminated environment with shedding of gravid segment of Echinococcus granulosus by infected dogs (Parija 2004). Moreover, female camels remain longer than males for reproductive purposes in the area and this justifies the probability of having higher prevalence and mean intensity in females than in males.
Age of the camels also significantly (OR 1.83, P \ 0.05) influence the prevalence of hydatidosis. According to Ibrahim et al. (2011) hydatidosis infection rates increased with age of the animals. This variation accounted to the high probability of the exposure of older animals to the infection during their long existence in life. Camel are slaughtered at their medium or older age, and growth of the hydatid is slow and maturity being reached in 6-12 month (Urquhart et al. 1996) . It is also possible to relate to the general fact that most of the camel are slaughtered in their older age when they become exhausted in milk and/or in calf production or when they are in reduced capacity of work and due to lowering of immune response to infection. Likewise, body condition score also significantly (OR 4.13, P \ 0.05) influenced prevalence of camel hydatidosis being higher in animals with poor body condition than those with medium and good conditions which might be associated to decreased immune response of the animal to the infection of E. granulosus.
The estimated annual financial loss of 11,963.22 ETB (equivalents to 703.72 USD) due to camel hydatidosis was comparable to the report of Gizachew et al. (2013) . But it appeared to be lower on cattle from the various parts of the country (Jobire et al. 1996; Getaw et al. 2010) . The difference in financial loss estimates in various abattoirs or regions may be associated to the variations in the prevalence of the disease, species difference, risk factors influencing the occurrences of the infection and in the retail market price of the organs. The indirect body weight loss due to diseases, which is in real term difficult to calculate, the treatment loss and loss due to impact posed to the public health were not also calculated in the current study.
In conclusion, hydatidosis was found to be one of the most important parasitic diseases with economic implications in camels in Jijiga and its surrounding, warrant serious attention for its prevention and control. Sex, age and condition of camels had association with the occurrence of hydatidosis.
